TCK, the creatine kinase (ATP:creatine Nphosphotransferase) from sperm flagella of the sea urchin Strongylocentrotus purpuratus, is a Mr 145,000 axonemal protein that is employed in energy transport. Its amino acid sequence was obtained by analysis of fragments from cyanogen bromide digestion and by sequencing cDNA clones from two sea urchin testis libraries. TCK contains three complete but nonidentical creatine kinase segments joined by regions of sequence that are not creatine kinase-like and flanked by unique amino and carboxyl termini. Each creatine kinase segment is homologous to vertebrate creatine kinases of both muscle and brain types, and all three repeats contain the essential active-site cysteine. The sequence differences among repeats suggest an ancient gene triplication, around the time of the chordateechinoderm divergence. The echinoderm, with a unique creatine kinase in sperm, arginine kinase in eggs, and both phosphagen kinases in somatic cells, may represent a preserved branch point in evolution, and TCK may be a relic of this event.
MATERIALS AND METHODS S. purpuratus were obtained at low tide along the northern shore of the Olympic Peninsula in Washington. Restriction endonucleases were purchased from United States Biochemical and Boehringer Mannheim. All other reagents were ofthe highest grade available.
Sperm were obtained and TCK was purified as described (4) . TCK (46 mg) was dialyzed against 1 .44 M Tris (pH 8.6) and S-carboxymethylated (8) ; the sample was then dialyzed against 70% formic acid and cleaved at methionine residues with CNBr (9) . CNBr peptides were lyophilized, dissolved in 6 M guanidinium chloride buffered to pH 6.0 with 10 mM phosphate, and separated into size classes by size-exclusion HPLC, using two TSK-G3000SW columns (LKB) in series and a buffer containing 6 M guanidinium chloride in 10 mM phosphate (pH 6 .0) at an elution rate of 0.5 ml/min. Individual peptides were separated from each size class by loading onto either a SynChropak RP-P C8 or a SynChropak RP-P C18 column (SynChron) and eluting with a 0-60% acetonitrile gradient (0.5%/min) in aqueous 0.085% trifluoroacetic acid at 1 ml/min.
Amino acid analysis of CNBr peptides was performed with a Waters system using the Pico-Tag derivatization protocol (10) . Automated Edman degradations were performed in a Beckman 890C sequencer and derivatives were identified by HPLC (11) .
A Agtll cDNA library was generously provided by E. Davidson (California Institute of Technology, Pasadena, CA). This library was constructed by David Nishioka, by ligating inserts from a randomly primed AgtlO library made using S. purpuratus testis mRNA (12) into Agtll vector arms. Plaques (620,000) were screened with antisense oligodeoxynucleotides (GTTGCAGAAACGCTTGAAGAC, GTTGAT-GTCCTCTCCCTTCAT) designed using sequences from TCK CNBr peptides 1 and 6 (Fig. 1) . The oligonucleotide sequence synthesized was based on codon-bias estimates for S. purpuratus from available cDNA sequences (13) . Oligonucleotides were end-labeled with 32P by phage T4 polynucleotide kinase and used to screen filters representing -25,000 Agtll plaques each, according to standard techniques (14) . A second, oligo(dT)-primed AZAP (Stratagene) cDNA library made using S. purpuratus testis mRNA by Dangott et al. (15) was generously provided by D. Garbers (Vanderbilt University Medical Center, Nashville, TN). This library was screened (164,000 plaques) with a TCK cDNA fragment from the Agtll library labeled to a specific activity of 101 cpm/,ug by the random priming method (16) . cDNA clones that hybridized to both oligonucleotide probes were rescreened until only hybridizing phage were present, and phage DNA was isolated (14) . Inserts were cut out with EcoRI and cloned into pBluescript KS(-) (Stratagene).
Single-and double-stranded DNA sequencing was performed using a Sequenase 2.0 kit (United States Biochemical), which uses the dideoxynucleotide chain-termination procedure of Sanger et al. (17) . The amino acid sequence deduced from the cDNA sequence was compared to the Protein Identification Resource protein sequence data bank (release 21) and the GenBank data base (release 62.0).
Abbreviations: CK, creatine kinase; TCK, flagellar CK. *To whom reprint requests should be addressed.
tThe sequence reported in this paper has been deposited in the GenBank data base (accession no. M33763). (18, 19) . It is preceded by a potential translation initiation sequence beginning at position 70 that is almost certainly not recognized by 40S ribosomal subunits (18, 19) . The single long open reading frame is followed by a 366-bp 3' untranslated sequence that includes an imperfect polyadenylylation consensus sequence (AATACA) at position 3961 followed in 20 bases by poly(A) sequence.
Examination Fig. 1 (24, 25) . This situation may have arisen from an early duplication of a primordial phosphagen kinase, which then diverged into creatine and arginine kinases. A later duplication of the CK, followed by unequal crossing-over, could have resulted in TCK. These several phosphagen kinases might have further evolved for specific functions in each gamete-for example, in producing the phosphocreatine shuttle that facilitates energy transport in sperm.
The high molecular weight form of CK is found in sperm from all echinoderms (24, 25) ison, the percent identity to the human isozymes ofCK is also presented (32) (33) (34) . It is noteworthy that while even the human brain and muscle isoforms are 80%6 identical, no two domains of TCK share more than 72% identity. In fact, the differences between domains of TCK are as great as the differences between TCK and these other CKs. This finding suggests that the gene duplication events took place long ago, around the time of the chordate radiation. 
